reflected in a deterioration of patients' health-related quality of life (HRQoL).
During the last 2 decades, new radiation and surgical techniques have improved the treatment of meningioma patients (MP). In modern case series, MP have a near normal 5-and 10-year life expectancy (5-y survival 92%, expected survival 94%; 10-y survival 81%, expected survival 86%) but often suffer from moderate to severe neurological deficits, even 5 years after surgery (67%). 4 Parallel to these improvements in therapy and life expectancy, a shift is occurring in treatment objectives; from survival and radical tumor removal to patient performance and HRQoL. 5 Indeed, one should now start to measure the net clinical benefit of meningioma therapy. 6 HRQoL is a multidimensional concept covering generally valued aspects of life (defined as health or health-related), such as in the physical, social, and psychological domains, as well as disease-specific signs and symptoms caused by the disease and its treatment. 7 HRQoL should be patient reported, since doctor-reported and patient-reported HRQoL results differ significantly and patients are thought to be the best source of information on their own HRQoL. 8 HRQoL can be measured using generic questionnaires (eg, the Medical Outcomes Study [ [14] [15] [16] However, neither in clinical practice nor in research is this done frequently in meningioma patients.
The main objective of this systematic review was to assess HRQoL in meningioma patients. In addition, we assessed the methodological quality of the used HRQoL questionnaires as well as the level of reporting of the patient-reported outcomes (PROs) in the included studies.
Materials and Methods

Search Strategy and Paper Selection
This systematic review was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. 17 
Search strategy
A literature search was conducted in the following electronic databases: Embase, MEDLINE, Web of Science, CINAHL, PsychInfo, Academic Search Premier, COCHRANE, and ScienceDirect up to October 2015. Search terms used were "meningioma, " "quality of life, " and terms formulated to exclude case reports and studies with animals only (see Supplementary Table 1 for the search strategy in MEDLINE). The search strategy was adapted for the other electronic databases. Reference lists of included articles were scanned for additional studies.
Paper selection
Inclusion criteria were the following: original peer-reviewed articles measuring patient-reported HRQoL in meningioma patients (whole population or reported separately as a subpopulation) using a questionnaire. Both observational and interventional studies, either retrospective or prospective, were included. Exclusion criteria were as follows: articles not in English, case reports (up to 5 patients), reviews, studies with only animals, and studies including a main population of patients younger than 18 years. Two independent reviewers (A.H.Z.N. and M.C.M.P.) screened all titles and abstracts for eligibility. Disagreement was resolved with discussion and consensus, and when discussion failed to lead to consensus, a third researcher mediated (L.D.).
Data Extraction
Information was extracted per included article by 2 independent researchers (A.H.Z.N. and M.C.M.P.) on study design, main inclusion criteria, and subject characteristics: mean age at time of intervention, percentage women, percentage WHO grade I, II, or III tumors, location of tumor and functional status. In addition, when applicable, type of intervention and Simpson Grade were noted. Regarding study outcomes, the timing of HRQoL assessments, the used questionnaire and the HRQoL outcomes (mean and, when reported, the standard deviation) itself were extracted. Data are presented for all studies separately. No meta-analysis was performed due to the small number of studies and heterogeneity of the studies in population (different tumor grades, tumor location), intervention (surgery, radiotherapy, wait-and-scan), and outcomes (different HRQoL questionnaires used).
Assessment of Reporting Level of Included Articles and Quality Assessment of Used Questionnaires
Assessment of reporting level of PROs in the included articles
The level of reporting of the PRO data in the included articles was assessed by 2 researchers independently (A.H.Z.N. and M.C.M.P.) following the criteria for PROs of the International Society of Quality of Life Research (ISOQOL). 18 The criteria were adapted for nonrandomized studies and are presented in Supplementary Table 2 . A maximum of 16 points could be scored and the predefined cutoff for sufficient reporting was 11/16 points, which is in line with previous work. 19 
Quality assessment of questionnaires used
Quality of the questionnaires used was assessed by 2 researchers independently (M.C.M.P. and L.D.) using the criteria of the Consensus-based Standards for the selection of health Measurement Instruments (COSMIN). 20 In short, the following aspects were evaluated for meningioma patients or patients with other acquired brain injuries: content validity, internal consistency, criterion validity, construct validity, reproducibility, responsiveness, floor and ceiling effects, and interpretability.
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Results
Study Characteristics
Titles and abstracts of 733 unique articles were screened, resulting in 27 eligible articles. These articles were read fulltext and 19 met our inclusion criteria. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] Flow diagram of record analysis and article inclusion is depicted in Fig. 1 . Study characteristics are presented in Table 1 . Of the 19 included articles, 4 studies used a longitudinal 21, 22, 29, 38 and 15 a crosssectional study design. [23] [24] [25] [26] [27] [28] [30] [31] [32] [33] [34] 36, 37, 39, 40 Six studies included only patients with WHO grade I meningioma, 23, [30] [31] [32] 36, 38 4 studies also included patients with WHO grade II or III meningioma, 21, 22, 25, 29 and 9 studies did not report the WHO grade. 24, [26] [27] [28] 33, 34, 37, 39, 40 Study population size ranged between 16 and 155 meningioma patients (median 47 patients). Seven studies compared the results of meningioma patients with normative data of healthy controls (HC), 21, 23, [29] [30] [31] [32] 34 1 study compared results of meningioma patients with normative data of HC and (brain) cancer patients, 25 1 study compared meningioma patients with glioma patients (GP), 33 and 8 studies presented only results for meningioma pat ients. 22, 24, [26] [27] [28] [36] [37] [38] [39] [40] Surgery was the primary intervention in 13 studies, [21] [22] [23] [24] [25] [26] [27] [28] 33, 34, [36] [37] [38] [39] [40] of which 2 compared HRQoL results before and after surgery. 21, 22 Radiotherapy was the primary intervention in 3 studies, [29] [30] [31] of which 1 compared HRQoL results before and after radiotherapy. 29 A wait-and-scan approach was the primary treatment modality in 1 study. 32 
Data Extraction
Data of the included studies are depicted in Supplementary Table 4; significant and/or clinically relevant results as described in the original articles are presented here.
Meningioma versus normative data healthy controls
In general, meningioma patients reported worse HRQoL compared with healthy controls before surgery. Overall health status was lower (study-specific questionnaire [SSQ] : MP 74 ± 2, HC 91 ± 2, P < .0001; SF-36: MP 53 ± 25, HC 66 ± 21, P = .030), 21, 32 as were the following subdomains: physical health (SSQ: MP 27 ± 1, HC 37 ± 3, P < .0001), 21 patient satisfaction with medical care (SSQ: MP 5 ± 2, HC 7 ± 2, P < .001), 21 self-care (SSQ: MP 14 ± 2, HC 20 ± 1, P < .0001), 21 and vitality (SF-36: MP 56 ± 19, HC 66 ± 23, P = .043). 32 Postoperatively, studies reported both worse and better HRQoL scores in meningioma patients compared with healthy controls. About 3.4 years after surgery, meningioma patients had more role limitations caused by physical problems (SF-36: MP 50, HC 65, P < .05), 23 while they had less role limitations 6 months after surgery (SF-36: MP 77, P = .01). 25 Compared with healthy controls, meningioma patients still scored worse 6 months after tumor removal on cognitive functioning (EORTC QLQ-C30: MP 79, P = .02), yet better on physical functioning (EORTC QLQ-C30: MP 80, P = .01) and social functioning (EORTC QLQ-C30: MP 84, P < .01). 25 Data for healthy controls were not described in this article by Konglund et al. 25 
Meningioma versus glioma patients and normative data of cancer and brain cancer patients
HRQoL of meningioma patients and glioma or (brain) cancer patients was compared using the EORTC QLQ-C30 and QLQ-BN20 questionnaires. Compared with glioma patients (GP), meningioma patients scored better on cognitive functioning (MP 73 ± 25, GP 64 ± 28, P = .008), social functioning (MP 81 ± 26, GP 64 ± 34, P < .001), physical functioning 33 Compared with brain cancer patients (all grades), meningioma patients scored also better on cognitive functioning (MP 79, P = .02) and emotional functioning (MP 82, P = .04), but meningioma patients had more insomnia (MP 28, P = .01). 25 Compared with the general cancer population, meningioma patients scored better on the following domains of the EORTC QLQ-C30 and QLQ-BN20: physical functioning (MP 80, P = .01), role functioning (MP 77, P = .02), emotional functioning (MP 82, P = .04), and social functioning (MP 84, P = .03), but worse on cognitive functioning (MP 79, P = .02). Data for HC were not described in this article by Konglund et al. 25 
HRQoL in meningioma patients before and after intervention
Long-term (10-58 mo postoperative) general HRQoL improved significantly after surgery (EQ-5D: mean improvement 0.09, P = .040; SSQ: preoperative 74 ± 2, postoperative 85 ± 2, P < .0001) 22 as well as on the following domains: physical health (SSQ: preoperative 27 ± 1, postoperative 36 ± 2, P < .0001), 21 patient satisfaction with medical care (SSQ: preoperative 5 ± 2, postoperative 7 ± 1, P = .01), 21 self-care (SSQ: preoperative 14 ± 2, postoperative 16 ± 3, P = .04), 21 and olfactory function (impact of surgery on Visual Analog Scale score for olfactory function +5.7 ± 2.2). 38 Patients who had undergone surgery before radiotherapy (OP + RT) had significantly better mental health (SF-36) compared with patients who only received radiotherapy (RT): before RT (OP + RT 43, RT 32, P = .04), at the end of radiotherapy (OP + RT 42, RT 29, P = .014), and at 6/12/18/24 months follow-up (6 mo: OP + RT 45, RT 36; 12 mo: OP + RT 43, RT 33; 18 mo: OP + RT 44, RT 31; 24 mo: OP + RT 42, RT 34, all P = .004). 29 Moreover, the addition of RT to surgery resulted in worse scores on the following domains: physical functioning (OP + RT 55 ± 55, RT 73 ± 33, P = .05), role limitations caused by physical functioning (OP + RT 34 ± 39, RT 61 ± 43, P = .03), and the physical component score (OP + RT 33 ± 11, RT 52 ± 12, P = .007). 31 However, these differences could be explained by the longer disease length for patients treated with OP + RT compared with those treated with OP only (7.6 vs 3.0 y after diagnoses, respectively). 31 
Factors negatively influencing HRQoL in meningioma patients
A larger tumor size (P = .037), higher histological grade (P = .011), and tumor recurrence (P = .018) were all associated with lower overall HRQoL. 21 In addition, larger tumor size was associated with more physical mobility impairment. 21, 26 The presence of a meningioma was associated with emotional well-being in a univariable analysis (r = −0.14, P = .048); however, this association was not confirmed in the multivariable analysis. 37 Waagemans et al found that meningioma patients who used anti-epileptic drugs had lower scores on physical health (P < .01), social functioning (P < .05), mental health (P < .05), vitality (P < .01), and overall health status (P < .05) compared with 
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healthy controls. 23 They also found significant associations between impaired HRQoL and problems in neurocognitive functioning (executive functioning, information processing, verbal memory, psychomotor speed). 23 Furthermore, shorter time since diagnosis (P = .013), more posttraumatic stress (P = .005), confusion (P = .000), and tumor location in the left hemisphere (P = .009) were negatively associated with HRQoL in meningioma patients. 30 
Factors positively influencing HRQoL in meningioma patients
A longer follow-up was associated with better HRQoL outcomes (SF-36); meningioma patients scoring on more than 4 subscales below the 25th percentile of normative data of healthy controls had a mean follow-up period of 2.9 years, whereas patients scoring less than 4 subscales below the 25th percentile had a mean follow-up period of 5.4 years (P < .05). 34 Furthermore, less emotional impairment was associated with longer follow-up time after surgery (Innsbruck Health Dimensions Questionnaire for Neurosurgical Patients [IHD-NS]). 26 
Assessment of Reporting Level of PRO Data in the Included Articles
Reporting level of PRO data in the included studies is depicted in Table 2 . Median reporting level score was 8 points (range: 6-14 points) and in 5 articles PRO data could be classified as sufficiently reported (≥11 points). 22, 23, [30] [31] [32] All articles described the PRO in the title or abstract and included or cited the used questionnaire. However, most articles did not report the PRO methods (none), used statistical methods (for missing data, 5%), 22 or explained how the results should be interpreted (eg, presenting the number of patients with a minimal important change or describing the cutoff for normal scores for the used scale, 5%). 22 On all other criteria, 26% to 84% of the articles scored the highest possible score.
Quality Assessment of Used Questionnaires
Of the 13 used questionnaires, 3 were validated in meningioma patients, the FACT-G/FACT-BR 14 and an SSQ. 41 In addition, 5 questionnaires were (partially) validated for other types of acquired brain injury or brain cancer: EQ-5D, 42, 43 SF-36, 44 EORTC QLQ-C30 and QLQ-BN20, 15, 45 and the IHD(NS). 46 Validity and reliability varied among all questionnaires and none of the questionnaires met all requirements as specified in the COSMIN criteria. Data are presented in Supplementary Table 3 .
Discussion
Although HRQoL is an important outcome for meningioma patients, this systematic literature review showed that only a few studies are published describing HRQoL in this patient group. Of those published, unfortunately, the level of PRO reporting of most articles was of low quality; only 3
HRQoL questionnaires have been validated in meningioma patients, and only one study reported minimal important changes of the PRO results, all hampering interpretation of HRQoL results. Nevertheless, based on the available results, we can conclude that in general, meningioma patients had a clinically relevant worse HRQoL than healthy controls. Tumor resection improved HRQoL, but long-term follow-up still showed reduced HRQoL compared with healthy controls. In addition, meningioma patients seemed to have a better HRQoL than (brain) cancer patients after surgery, although this difference was not clinically relevant. These results suggest an impaired HRQoL in some meningioma patients even years after tumor resection.
In general, meningioma patients reported worse HRQoL than healthy controls both before and after surgery. However, because of the few available studies, the use of different questionnaires, and low PRO reporting level, PRO results could not be pooled and results could not be compared for patients with different tumor locations (eg, convexity vs skull base). When comparing results of the EORTC QLQ-C30 of postoperative meningioma patients 25, 33 with normative data of healthy controls, 47 meningioma patients had a clinically relevant lower score on the following domains: physical functioning, role functioning, emotional functioning, cognitive functioning, social functioning, and insomnia. In different studies, meningioma patients scored both better and worse on overall health status and fatigue. Likewise, when comparing preoperative results of the SF-36 for meningioma patients with matched controls (age, sex, and education) in a small study, meningioma patients had clinically significantly more role limitations caused by physical and emotional problems, worse general health, and less vitality. 32 However, these clinically relevant differences between meningioma patients and healthy controls disappeared after surgery, 23, 31 except for the role limitations caused by physical problems. 23 These seemingly confounding findings may be the result of psychological mechanisms of coping with surgery and illness, which may lead to a positive mental change, also called posttraumatic growth, a known phenomenon generally found in long-term follow-up of patients with different types of cancer or acquired brain injury. [48] [49] [50] In addition, a mental change often causes a "response shift, " that is, a change in patients' internal standards, values, and consequently perception of HRQoL. 51 Results of the included studies further showed that compared with glioma patients, meningioma patients generally had a statistically significantly better HRQoL. One study, however, showed that meningioma patients had more insomnia than glioma patients. 33 Comparing scores of newly diagnosed glioblastoma patients with scores of meningioma patients on the EORTC QLQ-C30 and QLQ-BN20 questionnaires, 25, 33 these scores were surprisingly similar between both patient groups. 52 Although differences in 11 HRQoL domains were statistically significant, these results were not clinically relevant. Moreover, meningioma patients experienced more pain and visual problems than other brain cancer patients. 52 Compared with a meta-analysis on SF-36 data in rheumatoid arthritis patients, the study by Waagemans et al showed that meningioma patients scored similar on the mental and physical component score 5 years after tumor removal. 23 This Zamanipoor Najafabadi et al. HRQoL in meningioma patients-systematic review
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implies that 5 years after tumor removal, HRQoL scores of meningioma patients are similar to those of a chronic disease and substantially lower than HRQoL scores of healthy controls. 53 Results on the impact of different therapies on both survival and HRQoL/cognition may be used to determine the net clinical benefit of specific therapies. 6 This information is important for clinical decision making and patient-tailored therapy. Although 2 studies showed a statistically significant improvement in HRQoL after surgery, this improvement was not clinically relevant in one study and not interpretable in the other study, as characteristics of the used questionnaire were not presented. 21, 22 Patients who underwent radiotherapy perceived a clinically relevant reduction in role limitations caused by physical problems immediately after radiotherapy and a clinically relevant reduction in role limitations caused by emotional problems 6 months after radiotherapy. However, both of these differences disappeared after 2 years of follow-up, 29 suggesting that HRQoL returns to pre-radiotherapy levels in the long term. However, studies in low-grade glioma patients give strong evidence that radiotherapy causes long-term (after 6 y) cognitive problems and a decline in HRQoL. [54] [55] [56] These results, while not in all respects comparable with those from meningioma patients due to different radiation fields and/or techniques, suggest that meningioma patients who receive radiotherapy might also experience a decline in HRQoL and cognitive performance in the long term. As the results of the impact of surgery and radiotherapy are not conclusive and potentially suffer from confounding by indication, prospective studies are needed to investigate the impact of treatment on both HRQoL and cognition in the long term.
PRO reporting of the included articles was on average of low quality. While the used study design, data acquisition methods, and analysis of the results may be correctly performed, it was not adequately described by the authors. As patient and tumor characteristics (eg, WHO grade, tumor location) were often not fully reported, and HRQoL data not stratified for these characteristics, generalizability of the results is hampered.
Studies comparing HRQoL results after radiotherapy and surgery may suffer from confounding by indication, as patients who are only treated with radiotherapy may have a worse prognosis due to unfavourable tumor location (close to critical structures) and/or higher WHO grade (WHO grades II and III). Moreover, most studies did not report whether they included consecutive patients in a predefined time period and did not describe characteristics of nonresponders. Since reasons for patients not to participate in a study are frequently poor health status and age, 57 this could result in an overestimation of HRQoL of meningioma patients in the included studies. Another major limitation of the included studies is that no article clearly reported the PRO data registration and intended collection schedule, while both can influence results. 58 Self-report tools suffer more from patients' cognitive deficits than interviews, while both may be hampered by aphasia. 6 Interpretation of HRQoL results depends on the intended moment of measurement, short-term or longterm, which may lead to different outcomes and interpretations. Indeed, Jakola and colleagues 22 showed that compared with preoperative HRQoL, the mean improvement of patients' HRQoL was not significantly improved 6 weeks after surgery, while it was improved 10-58 months after surgery.
There is great variety of available HRQoL questionnaires and a lack of argumentation for choosing a particular questionnaire, prohibiting comparison of results between studies. The most commonly used questionnaires were the SF-36, 9,10 the FACT-G and FACT-BR, 14 and the EORTC QLQ-C30 12 and QLQ-BN20. 15 Of these questionnaires, the FACT-G and FACT-BR were also validated in meningioma patients. In addition, the minimal important change is determined for the SF-36, FACT, and EORTC questionnaires, which is necessary for critical appraisal of found differences. Currently, the SF-36, FACT, and EORTC questionnaires seem most suitable for measuring HRQoL in meningioma patients.
In conclusion, this systematic review describes 19 studies reporting on HRQoL in meningioma patients. Most questionnaires that were used to assess HRQoL were not validated in meningioma patients and the reporting quality of the PRO data in the included studies was on average of low quality, both hampering interpretation of the results. In contrast to the current impression of patients and physicians, data are still insufficient and not conclusive on the effect of interventions on HRQoL in meningioma patients. To improve clinical decision making, more high-quality evidence is needed on the effect of meningioma and its different treatment modalities on HRQoL. Therefore, new prospective studies, validated meningioma-specific instruments to assess HRQoL in meningioma patients, and improved level of reporting seem warranted. Current data suggest that even though tumor removal through surgery may be beneficial, some meningioma patients have longterm clinically significantly impaired HRQoL.
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